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Abstract
Purpose—We examined whether living in neighborhoods supportive of healthier diets and more 
active lifestyles may buffer immigrants against the unhealthy weight gain that is purported to 
occur with longer length of US residence.
Methods—Neighborhood data referring to a 1-mile buffer around participants’ baseline home 
addresses were linked to longitudinal data from 877 Hispanic and 684 Chinese immigrants aged 
45-84 years in the Multi-Ethnic Study of Atherosclerosis. We used ethnicity-stratified linear 
mixed models to examine whether food and activity-based neighborhood measures (healthy food 
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stores, walkability, and recreational facilities) were associated with change in waist circumference 
(WC) over a 9-year follow-up.
Results—Among Hispanics, living in neighborhoods with more resources for healthy food and 
recreational activity was related to lower baseline WC. However, there was no association with 
change in WC over time. Among Chinese, living in more walkable neighborhoods was associated 
with lower baseline WC and with slower increases in WC over time, especially among the most 
recent immigrant arrivals.
Conclusions—Where immigrants reside may have implications for health patterns that emerge 
with longer time in the US.
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Introduction
Understanding the health of immigrants is an important population health objective given 
their size, growth, and demographics [1]. Studies have documented an immigrant health 
advantage relative to the US-born that appears to erode with longer time in the US [2-7]. 
The adoption of health-harming behaviors may be one mechanism through which increased 
acculturation, often proxied by nativity or length of residence, may be associated with 
outcomes, like increased weight [4, 8]. However, existing research is dominated by cross-
sectional designs – meaning these studies do not document the experience of the same 
immigrant over time. Results from the few available prospective studies suggest most 
immigrants, young and old, experience similar or less weight gain over time compared to 
US-born groups, thus maintaining their health advantage [9-13].
An immigrant’s risk of obesity is likely shaped not only by influences related to their 
country of origin, but also by the residential context to which they migrate. Since the 
receiving context is an important determinant of successful adaptation of immigrants to the 
host country, it seems logical that health trajectories of immigrants could be related to 
environmental factors. A body of evidence has linked residential environments to a range of 
diet and activity-related behaviors and associated health outcomes [14, 15]. Area-level 
attributes theoretically relevant for weight, such as food and recreational environments 
(walkability and access to recreational resources), have also been linked to obesity in some, 
but not all studies [16, 17]. However, little research has explored the role of the 
neighborhood environment in shaping anthropometric trajectories among immigrants the 
longer they live in the US. Residence in neighborhoods which support the maintenance of 
healthier diets and more active lifestyles may buffer immigrants against the unhealthy 
weight gain that is purported to occur after migration. The few studies available have 
reported cross-sectional associations between census tract-level foreign-born, linguistic, or 
Hispanic ethnic composition with healthier diets [18-20], less physical activity [20], and 
lower BMI [21] or higher BMI [22-24]. Only two longitudinal studies have investigated the 
role of contextual factors (census-derived measures of race/ethnic composition, population 
density, socioeconomic disadvantage; survey-based social environment measures) and 
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change in body mass index (BMI) or waist circumference (WC) in samples including 
Hispanic immigrants [12, 25]. No studies to our knowledge have used food and activity-
based measures of the neighborhood environment which may be more directly relevant to 
weight.
Using prospective data from Hispanic and Chinese immigrants in the Multi-Ethnic Study of 
Atherosclerosis (MESA), we investigated whether food and activity-based measures of the 
neighborhood environment were associated with change in WC over a median follow-up of 
9 years. Given research that suggests immigrants experience a more accelerated risk of 
obesity and associated outcomes within the first 10-15 years of arrival [4, 11, 26], we also 
investigated whether more recent immigrants were more susceptible to neighborhood 
influences than long-term immigrants.
Methods
Individual-level data
MESA is a prospective study designed to investigate risk factors for subclinical 
cardiovascular diseases (CVD). Design details are provided elsewhere [27]. Briefly, 
participants aged 45-84 years without clinical CVD at baseline were recruited from six sites 
using population-based approaches (Baltimore, MD; Chicago, IL; Forsyth County, NC; Los 
Angeles,, CA; Manhattan, NY; and St. Paul, MN). MESA includes 6814 individuals who 
self-identified as white, African-American, Hispanic or Chinese-American. This analysis 
included only Hispanic and Chinese participants because of the limited number of 
immigrants in other race/ethnic groups. We used data from baseline (2000-2002), and four 
follow-up examinations (2002-2003, 2004-2005, 2006-2007, and 2010-2012). All 
participants provided written informed consent and the study was approved by the 
Institutional Review Boards at participating institutions.
Waist circumference (WC) (cm) was measured at all study visits using standardized 
procedures. We chose to model WC instead of BMI because it is associated with an 
increased risk for CVD, and is stronger marker of adiposity in older individuals [28]. Age 
(continuous), sex (male, female), race/ethnicity (Hispanic, Chinese), nativity (US, other), 
education (less than high school, high school , some college/technical school, college 
graduate), and income (see below) were obtained during the baseline interview. When 
missing, income data from follow-up exams were used to impute baseline income (2.5% of 
foreign-born Hispanics; 0.58% foreign-born Chinese). Participants selected their annual 
family income from 13 categories; a continuous measure of household-equivalized income 
was created by taking the midpoint for each category divided by the number of household 
members. Income was then categorized into quartiles. Length of US residence was also 
obtained at baseline and categorized using previously used classifications [20]: <15 years, 
15-30 years, >30 years, and missing. Time since baseline, in years, was used to examine 
change in WC over time.
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MESA subjects who participated in the MESA Neighborhood Ancillary Study were 
included in these analyses. Food (healthy food availability) and activity-based (recreational 
facilities and walkability) measures of the neighborhood built environment were obtained 
from Geographic Information System (GIS) and survey-based data, and linked to 
participants’ baseline home addresses.
GIS-based measures
Densities of healthy food stores and recreational facilities were derived from the National 
Establishment Time Series (NETS) database from Walls and Associates (Oakland, CA) for 
years that overlapped with the MESA baseline exam. Participants’ home addresses were 
geocoded using TeleAtlas EZ-Locate (TomTom North America, Inc., Lebanon, New 
Hampshire). Healthy food stores were defined as fruit and vegetable markets (Standard 
Industrial Classification (SIC) #5431) and supermarkets (food stores with at least $2 million 
in annual sales or at least 25 employees; these data were augmented using supermarket store 
name lists, as described elsewhere [29]). For recreational facilities, 114 SIC codes were 
selected based on existing lists [30, 31] to represent a summary measure of total physical 
activity resources. Kernel estimation [32] was used to calculate the densities (units/mile2), 
such that healthy food stores and recreational facilities closer to participants' addresses were 
given more weight than facilities farther away. Densities were created for 1-mile (1.6 km) 
buffers around each participant’s baseline home address.
Survey-based measures
MESA participants were asked to rate various neighborhood characteristics within 1-mile of 
their home. Two scales were used in this analysis: healthy food availability (2 items) and 
walkability (6 items) (Supplemental Table 1). Scale items were derived from published work 
[33, 34]. Each item within a scale had a 5-point response option and within-scale items were 
averaged. Scales were created by calculating the mean of the responses for all MESA 
participants living within a one mile radius of the referent MESA participant’s home 
address. These averaged scales calculated for each MESA participant’s neighborhood 
environment did not include the MESA respondent’s own report of their neighborhood to 
avoid spurious associations that can result when neighborhood information and behaviors 
are self-reported by the same subjects [35]. Higher scale scores indicated more favorable 
environments.
Analytic Sample
Of the 1802 foreign-born Hispanic (n=1030) and Chinese (n=772) MESA baseline 
participants, 1588 participated in the Neighborhood Study (Hispanics: n=895; Chinese: 
n=693). We further excluded 27 respondents with incomplete covariate information, 
yielding a sample of 877 Hispanics and 684 Chinese. Of these 1561 baseline respondents, 
68% of Hispanics and 70% of Chinese completed all follow-up examinations and 100% of 
the analytic sample had information for at least 2 visits. Longitudinal analyses included all 
1561 baseline participants.
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Analyses were ethnicity-stratified based on prior work documenting race/ethnic differences 
in immigrant experiences [20], and in assocations between the built environment and obesity 
[36]. We first classified each of the four neighborhood indicators (density of healthy food 
stores, healthy food availability scale, walkability scale, and density of recreational 
facilities) into ethnicity-specific tertiles to compare means and frequencies of covariates 
across tertiles. Ethnicity-specific tertiles were used because distributions of the 
neighborhood variables differed between ethnic groups. After confirming linearity, we opted 
to include all neighborhood indicators as continuous variables in longitudinal models. We 
estimated cross-sectional and longitudinal associations between each of the neighborhood 
indicators and WC using linear mixed models with a random intercept and time slope for 
each individual (PROC MIXED SAS 9.2; SAS Institute Inc., Cary, NC). Inclusion of a 
random intercept for each census tract did not alter estimates. The first set of models 
included length of US residence, age, sex, education, income, time since baseline, and time-
by-age and time-by-length of US residence interactions. The coefficient on the time-by-
length of US residence term estimated differences in annual mean change in WC depending 
on how long immigrants had lived in the US at baseline. In subsequent models, we added 
each of the neighborhood variables, separately, and their interaction with time. To compare 
associations for neighborhood variables with different units, estimates were standardized to 
correspond to differences between the 90th and 10th percentiles of each indicator. In 
sensitivity analyses, we also examined if results differed based on whether participants 
moved from their baseline address. To investigate whether associations between each of the 
neighborhood indicators and WC at baseline and over time differed between recent and long 
term immigrants, we used likelihood ratio tests to determine the joint significance of a 2-
way interaction for length of US residence-by-neighborhood variable, and a 3-way 
interaction for length of US residence-by-neighborhood variable-by-time.
Results
Compared to Chinese immigrants, Hispanic immigrants were of lower socioeconomic status 
(SES), lived in the US longer, and had higher mean baseline WC (Table 1). Hispanic 
immigrants also lived in neighborhoods with higher densities and more variability of healthy 
food stores and recreational facilities than Chinese immigrants, but there was little ethnic 
difference when comparing healthy food availability and walkability scales.
Among Hispanics, participants living in neighborhoods with more resources to support 
healthy eating and physical activity (i.e. highest tertile for each neighborhood indicator) had 
a lower mean baseline WC , higher SES, and lived in the US longer than participants in 
worse neighborhoods (lowest tertiles) (Supplemental Table 2A). Generally, higher tertiles 
for a particular neighborhood indicator corresponded to higher median values for the other 
neighborhood indicators measured. Among Chinese, there was a less consistent pattern 
between each of the neighborhood indicators with baseline WC and covariates 
(Supplemental Table 2B). Moreover, unlike among Hispanic immigrants, the highest tertile 
for a particular neighborhood indicator did not necessarily correspond to more favorable 
values for the other neighborhood indicators.
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Adjusting for individual-level covariates, Hispanic immigrants in the US <15 years had 
greater annual increases in WC than immigrants in the US >30 years (Table 2A, Model 1). 
Living in neighborhoods with more resources to support healthy eating and physical activity 
was associated with a lower mean baseline WC among Hispanic immigrants. The 
magnitudes were largest for indicators associated with healthy food resources; no 
associations were observed with walkability. Specifically, comparing the 90th to the 10th 
centile for each neighborhood indicator, mean differences in baseline WC were −2.5 cm 
(standard error (SE)=1.3) for density of healthy food stores; −2.7 cm (SE=1.1) for healthy 
food availability, and −1.5 cm (SE=0.53) for density of recreational resources. However, 
there was no evidence these neighborhood resources were associated with differences in 
change in WC over time.
Among Chinese, more recent immigrants (<15 years and 15-30 years in the US) experienced 
greater annual increases in WC relative to immigrants in the US >30 years (Table 2B). Only 
measures related to the support of physical activity were statistically significantly associated 
with WC. Comparing the 90th to 10th centile for walkability, mean WC at baseline was −1.9 
cm (SE=0.79). There was also some evidence that living in neighborhoods with better 
walkability and more recreational resources was associated with smaller increases in WC 
over time.
Among Hispanics and Chinese, associations between neighborhood indicators and change in 
WC over time did not differ for participants who relocated during follow-up (not shown; P-
interactions with move status: > 0.2). Among Hispanics, estimates were suggestive of a 
stronger association of density of healthy food resources with mean WC at baseline and in 
change over time among immigrants in the US <15 years compared to immigrants in the US 
>30 years. However, formal interaction tests were not statistically significant (not shown; P-
interactions:>0.2).
Among Chinese, the association of walkability with change in WC over time significantly 
differed by length of US residence (P-interaction = 0.04) (Figure 1). Although Chinese 
immigrants in the US <15 years and 15-30 years had faster increases in WC over time 
relative to immigrants in the US >30 years even in the most walkable neighborhoods (90th 
percentile, solid black lines), the magnitude of increase for these recent immigrants was 
even larger in the least walkable neighborhoods (10th percentile, dashed gray lines).
Discussion
In a sample of older Hispanic and Chinese immigrants to the US, we investigated whether 
immigrants experienced differential increases in WC depending on the features of the 
neighborhood environment in which they lived. Our results suggest that where immigrants 
live may have implications for anthropometric patterns. Among Hispanic immigrants, living 
in neighborhoods with greater availability of healthy food and recreational activity resources 
was related to lower baseline WC. However, there was no association with change in WC. 
Among Chinese immigrants, living in a neighborhood with better walkability was associated 
with lower baseline WC and with slower increases over time. For both groups, the most 
recent arrivals experienced the greatest increases in WC, but there was evidence that living 
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in neighborhoods more supportive of healthier behaviors tempered these gains, particularly 
in Chinese immigrants.
Migration to the US is thought to be detrimental for immigrant health because it is 
hypothesized to accompany unhealthy changes in behavior. However, residential 
environment characteristics likely contribute to variation in health patterning. Past research 
has linked census-derived measures of the environment to diet and anthropometric outcomes 
among immigrants though the evidence is mixed and the majority of studies, except for two 
[12, 25], are cross-sectional [18-21, 23, 24, 37]. In one longitudinal study that used built 
environment measures, neighborhood walkability was inversely associated with diabetes 
development in immigrants to Canada [26], consistent with our findings related to change in 
WC in Chinese immigrants. However, no studies to our knowledge have longitudinally 
examined associations between features of the neighborhood environment more directly 
relevant to weight, and change in anthropometric measures over time in immigrants to the 
US.
Residence in neighborhoods which support the maintenance of healthier behaviors may 
buffer immigrants against the unhealthy weight gain that is purported to occur with longer 
time in the US. Our findings suggest that living in more walkable areas was associated with 
slower gains in WC among Chinese immigrants. Although longitudinal patterns did not 
extend to Hispanics, living in neighborhoods with greater availability of healthier food and 
recreational resources was associated lower baseline WC in Hispanics. While we do not 
know why some features of the neighborhood environment were more relevant for one 
ethnic group over another, differences between Hispanics and Chinese in terms of SES, 
length of US residence, and the types of neighborhoods in which they lived (Table 1), may 
have played a role. Moreover, since the Hispanic immigrants in our sample had lived in the 
US longer than the Chinese sample, changes in anthropometric measures in Hispanics may 
have already occurred prior to baseline, which may explain why we did not observe 
associations with change in WC over time.
Indeed past research has shown that the greatest changes to immigrant health occur within 
the first few years after migration [4, 11, 26, 38, 39]. Our findings of faster increases in WC 
among the most recent immigrants are consistent with this notion of a faster decline in 
health soon after arriving in the US. Although explicit mechanisms have not been tested, 
factors associated with the migration process itself, and the experiences following migration, 
such as disruption of support networks and poor living and work conditions may play a role 
in accelerating health declines [39, 40]. In our study, newer immigrants had greater 
increases in WC than more long-term immigrants regardless of the neighborhood 
environment. However, our results also suggest that living in environments more supportive 
of healthier behaviors may temper gains in WC.
The incorporation of contextual factors and the longitudinal design of our study are 
important contributions for advancing the study of immigrant health. Another strength 
relates to the use of multiple dimensions of the physical environment rather than relying 
only on census-derived measures to characterize immigrants’ neighborhoods. However, 
there were also limitations that may impact the validity of our findings. As with any 
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observational study, we cannot rule out the role of selection or other unmeasured 
confounding. For example, immigrants with lower WC, or with a tendency for less weight 
gain, may have selected to move into neighborhoods more supportive of healthier behaviors. 
We also do not know if the baseline neighborhood reflected the environment into which 
immigrants initially migrated. Much of the change in WC among longer term immigrants 
may have occurred prior to study onset, and this change may be related to living in 
neighborhoods that were different from their neighborhoods at baseline. Future research 
should consider examining new immigrants over time in the neighborhoods into which they 
migrated. We tested associations of healthy food availability and presence of recreational 
resources, but presence may not necessarily reflect greater access and availability if costs 
were high or if immigrants were unaware of these resources. We supplemented these more 
‘objective’ measures with survey-based measures; however, if the immigrants’ neighbors’ 
perceptions of the environment differed from that of the immigrants in our study, then these 
more subjective measures may not adequately reflect access and use. We also recognize the 
importance of sub-analyses by gender, Hispanic subgroups, and study site, but sample size 
limited our power to model this important heterogeneity. Finally, MESA is an older, healthy 
cohort sampled from selected sites and includes immigrants living in the US for a long time; 
it is not clear how well findings would generalize to younger, more recent immigrants in the 
US.
Conclusions
The association between longer time in the US and declines in health may arise from 
environmental factors that discourage the practice of healthy behaviors. Our findings 
suggest that where immigrants reside may influence the health patterns that emerge with 
longer US residence. Future research will be necessary to validate these findings, and to 
better elucidate the mechanisms underlying these patterns. As immigrants continue to grow 
as a proportion of the US population, a more nuanced understanding of the migration 
process and its impacts on health will be important for the success of interventions aimed at 
stalling any health deterioration that may accompany longer time in the US.
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Figure 1. Adjusted mean waist circumference (WC) over time by baseline length of US residence 
(<15 years in US, 15-30 years in US, > 30 years in US) among Chinese immigrants, at the 90th vs. 
10th percentile of neighborhood walkability
Higher centiles indicate better walkability. All models further adjusted for age, sex, 
education, income, and age*time using linear mixed models. Estimates correspond to the 
mean age of the entire sample (age=61). P-interaction (length of US 
residence*walkability*time) = 0.04
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Table 1




Mean age, baseline (SD) 61.0 (10.2) 61.9 (10.3)
Female (%) 54.5 51.2
Education (%)
Less than high school 54.5 22.8
Completed high school 17.7 16.2
Some college/technical school 19.2 21.2









Forsyth County, NC 0.11 0
New York, NY 47.2 0.3
Minneapolis, MN 19 0
Chicago, IL 0 37.3
Los Angeles, CA 33.6 62.4
Length of US residence, baseline (%)
< 15 years 14.1 35.1
15-30 years 24.5 38.6
>30 years 49.9 19.6
Missing 11.4 6.7
Mean waist circumference, baseline (cm) (SD) 99.6 (12.2) 87.0 (9.6)
Mean 9-year change WC (cm) (SD) 1.2 (7.6) 1.6 (6.6)
Neighborhood information, baseline 
a
Density of healthy food stores
b,c 3.8 (0.9-9.0) 1.2 (0.6-1.9)
Healthy food availability scale
b,d 3.8 (3.5-3.9) 3.8 (3.6-3.9)
Density of recreational facilities
b,c 2.1 (0.8-4.0) 1.2 (0.6-1.8)
Walkability scale
b,d 3.9 (3.7-4.0) 3.8 (3.7-4.0)
Abbreviations: SD, standard deviation; WC, waist circumference
†
Continuous measure of income adjusted for household size, expressed as quartiles
a
Neighborhood indicators refer to a 1-mile (1.6 km) radius around each participant’s home address at the baseline exam.
b
Expressed as median (interquartile range)
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c
Kernel density; number per square mile
d
Item responses had a possible range of 1 to 5; higher value indicates a more favorable environment
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